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STATEMENT  OF  THE  PROBLEM  STUDIED 


•  The  goal  of  this  effort  was  to  provide  the  theoretical  and 
computational  means  to  efficiently  and  accurately  predict  the  effects  of 
intervening  terrain  on  the  propagation  of  wideband  signals.  The  important 
channel  parameters  to  predict  include  the  complex  frequency-domain  channel 
transfer  function,  wideband  received  signal  level.  Impulse  response, 
multipath  amplitude,  delay,  and  delay  spread.  In  meeting  this  goal  the 
following  work  was  anticipated. 

The  geometrical  theory  of  diffraction  (GTD),  as  it  had  been  applied  to 
terrain  reflection  and  diffraction,  required  that  the  2-dimensional  terrain 
profile  be  approximated  as  piecewise-linear .  An  algorithm  to  automatically 
construct  from  the  actual  (digitized)  terrain  profile  the  optimum 
linearized  profile  war  to  be  developed. 

The  GTD  was  not  I’enerally  valid  when  applied  to  multiple  wedge 
diffraction,  which  resulted  in  reduced  accuracy.  This  error  source  was  to 
be  reduced  or  eliminated  for  accurate  results  in  all  terrain  situations. 

The  GTD  also  has  accuracy  limitations  when  applied  to  lossy  wedges.  These 
were  also  to  be  reduced  or  eliminated  for  more  accurate  results. 


An  algorithm  for  efficiently  finding  and  evaluating  the  important  GTD 
rays  for  a  general  terrain  profile  as  the  frequency  is  varied  was  to  be 
developed,  and  used  to  generate  the  complex  frequency  domain  channel 


transfer  function  describing  the  propagation  effects. 

An  algorithm  for  efficiently  transferring  the  frequency  domain  channel 
transfer  function  to  the  time  domain  in  a  format  suitable  for  channel 
characterization  and  comparison  with  measurement  was  to  be  developed  based 


on  the  fast  Fourier  transform.  ^ 

Di  -  Wr-^  v  utlon/ 

Avftl  1  Jibillty  Codes 
L  Hnd/or 
I  Special 


Diet 


□  □ 


The  theoretical  results  obtained  from  the  above  were  to  be  compared 
with  measured  results  to  be  made  available  from  a  separate  Army  wideband 
channel  measurement  program.  This  involved  interaction  with  the 
measurement  program  in  such  areas  as  site  selection,  measurement 
techniques,  and  channel  characterization  parameters. 

It  was  hoped  and  anticipated  that  publications  would  result  containing 
new  information  on  wideband  signal  propagation  of  general  usefulness. 

SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 

In  order  to  efficiently  model  effects  of  terrain  on  wideband  radio 
signals  several  basic  improvements  to  the  GTD  propagation  model  were  made. 
An  algorithm  for  automatically  generating  the  piece-wise  linear 
approximation  to  the  actual  terrain  profile  was  developed.  Also,  the 
algorithm  for  finding  the  existing  rays  was  modified  so  as  to  be  more 
efficient  when  analyzing  wideband  signals.  The  existing  rays  were  found 
only  for  the  first  frequency,  and  these  particular  rays  were  automatically 
reused  at  the  other  frequencies  within  the  wideband  signal  without 
repeating  the  existence  algorithm  for  each  subsequent  frequency. 

The  GTD  lossy  wedge  diffraction  coefficients  were  investigated  for 
accuracy  by  comparison  with  other  methods,  and  a  lossy  wedge  slope 
diffraction  coefficient  was  developed. 

The  most  important  GTD  development  was  the  synthesis  of  a  general 
uniform  double  wedge  diffraction  coefficient.  This  had  been  sought  by 
other  researchers  for  a  number  of  years  without  success,  and  its  inclusion 
in  the  GTD  propagation  model  greatly  increases  the  accuracy  and  general 
applicability  of  the  model. 


While  the  theoretical  basis  of  the  GTD  propagation  model  received  the 
improvements  described  above,  significant  effort  was  expended  in  extending 
the  capability  of  the  model  to  Included  wideband  signals.  The  basic 
results  of  the  frequency  domain  GTD  path  loss  computations  were  transformed 
to  the  time  domain  in  such  a  way  as  to  simulate  the  Wideband  Propagation 
Measurement  System  (WPMS)  built  and  used  by  SRI  International.  The 
transformed  GTD  model  simulations  of  wideband  path  loss  were  directly 
comparable  with  the  measured  WPMS  data.  Terrain  effects  on  channel 
parameters  such  as  the  bandlimited  channel  impulse  response,  wideband 
received  signal  level,  multipath  amplitude,  delay,  and  delay  spread,  and 
coherence  bandwidth  were  made  available  from  the  GTD  model  as  a  result  of 
this  effort. 

In  order  to  obtain  WPMS  measured  data  for  validation  of  the  GTD 
wideband  propagation  model  the  principal  investigator  Interacted  with 
appropriate  SRI  International  employees  in  the  measurement  site  selection 
process,  and  traveled  to  the  measurement  sites  while  measurements  were 
being  made. 

In  general  the  GTD  model  prediction  capability  was  validated  by  the 
SRI  measurements,  as  reported  in  the  literature. 

As  a  result  of  this  effort  a  terrain  sensitive  propagation  model 
capable  of  predicting  the  wideband  channel  transfer  function,  including  the 
important  channel  characterization  parameters,  has  been  developed  and 
validated  against  measurements.  In  addition,  significant  advances  in  the 
Geometrical  Theory  of  Diffraction,  both  in  general  and  as  applied  to  radio 
propagation  prediction,  have  been  made. 
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